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(54) Resonator and wireless power transmission device

(57) There is provided a resonator including a mag-
netic core and a coil wherein the magnetic core includes
a first magnetic core block and a second magnetic core
block, the coil is wound on the magnetic core, the first
magnetic core block includes a first portion and second
portions on sides of the first portion, a sectional area of

the first portion is larger than each sectional area of the
second portions, the second magnetic core block in-
cludes a third portion and fourth portions on sides of the
third portion along its longitudinal direction, a sectional
area of the third portion is larger than each sectional area
of the fourth portions, and the coil is wound on the first
portion and the third portion.
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Description

FIELD

[0001] Embodiments described herein relate generally
to a resonator and a wireless power transmission device,
and more particularly to a resonator using, e.g., a mag-
netic coil and to a wireless power transmission device
using the resonator.

BACKGROUND

[0002] In a conventional power transmission device,
primary and secondary side resonators, which are sub-
stantially flat magnetic cores wound with coils, are dis-
posed in a face-to-face relation in order to strengthen
against positional shifts in right-and-left directions of a
primary side coil and a secondary side coil. Such a prob-
lem, however, arises that a weight increases due to en-
larged areas of the flat surfaces of the cores.
[0003] For obviating the defect about the weight, in the
conventional wireless power transmission device, for re-
ducing the weight, the cores of the respective coils in-
volve using a plurality of cores disposed at an interval,
and the primary side and the secondary side are set in
the face-to-face relation. Lines of magnetic forces for
compensating a core-to-core gap are output from the plu-
rality of cores wound with coils, and therefore the primary
side core and the secondary side core are configured to
act as the cores having enlarged sizes including the core-
to-core gap in dimensions thereof.
[0004] Magnetic fluxes are, however, concentrated
most on the coil-wound portions of the cores at both of
right and left ends in the plurality of cores. Hence, the
dividing into the cores may raise a problem that sectional
areas of the magnetic cores decrease, a degree of con-
centration declines and a core loss increases. The core
loss increases for the reason that will be elucidated as
below.
[0005] Generally, the core loss, i.e., the loss in the case
of using a magnetic substance as the core in an AC mag-
netic field is classified into a hysteresis loss, an eddy-cur-
rent loss and other residual losses. According to Stein-
metz’s empirical formula, the hysteresis loss is, if a mag-
netic flux density B is within a range of about 0.1 - 1 tesla,
proportional to the magnetic flux density B raised to the
power of 1.6. Further, the eddy-current loss is propor-
tional to the magnetic flux density B raised to the power
of 2. Incidentally, it is known that other residual losses
augment at a frequency of about MHz or higher. Accord-
ingly, in the case of using the frequency of, e.g., 1MHz
or lower, other residual losses can be approximated as
being well smaller than the hysteresis loss and the eddy-
current loss.
[0006] In this case, for example, if the sectional area
of the core is halved and if approximated to no variation
in magnetic flux passing through the core, the magnetic
flux density increases twice, and hence the core loss per

unit sectional area rises about 2.56-fold to 4-fold. Even
when considered in terms of the core loss of the whole
cores and if the sectional area of the core is halved, the
cores loss can be presumed to increase about 1.28-fold
to 2-fold. To take into consideration an effect yielded
when the magnetic fluxes are concentrated most on the
coil-wound portions of the cores at both of the right-and-
left ends in the plurality of cores, it is predicted that the
core loss will further increase. In addition, if the increased
magnetic flux density reaches a value high enough to
cause magnetic saturation of the magnetic substance, a
problem is that the effect of the magnetic substance
abruptly disappears and an inductance of the resonator
sharply decreases.
[0007] Further, if the coil is wound up to portions vicinal
to the upper and lower ends of the core, equivalent mag-
netic permeability decreases to a great degree in posi-
tions vicinal to the upper and lower ends due to diamag-
netism, and therefore such a problem exists that the in-
ductance of the coil gets hard to rise. Moreover, the por-
tions wound with none of windings in the magnetic core
blocks taking a face-to-face relation are shortened, and
hence there is such a problem that a path of a magnetic
flux loop is shortened to reduce coupling.
[0008] On the other hand, in another conventional wire-
less power transmission device, coil blocks are arranged
in an H-shape in order to improve the coupling coefficient
between the primary side coil and the secondary side
coil. In this case also, however, the areas of the coil blocks
are enlarged, resulting in a problem that the weight in-
creases.
[0009] Thus, the conventional wireless power trans-
mission devices have the problem that the weight of the
resonator wound with the coil by use of the substantially
flat magnetic core becomes heavy. Furthermore, if using
the plurality of cores disposed at the interval for reducing
the weight, the magnetic fluxes are concentrated most
on the coil-wound portions in the cores at both of the
right-and-left ends, and hence such a problem exists that
the degree of concentration declines and the core loss
rises. Moreover, in the case of winding the coils up to the
portions vicinal to the upper and lower ends of the cores,
the equivalent magnetic permeability decreases to the
great degree in the positions vicinal to the upper and
lower ends due to the diamagnetism, and therefore such
a problem exists that the inductance of the coil gets hard
to rise.
[0010] There are given other problems such as down-
sizing the device, lowering the loss, reducing a thickness
of the device, reducing a weight of the whole device, sim-
plifying a heat radiation mechanism, increasing electric
power and reducing the loss.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 illustrates a resonator according to a first em-
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bodiment.
FIG. 2 shows an example of a layout in the case of
applying the resonator illustrated in FIG. 1 to a pri-
mary side resonator and a secondary side resonator
of a wireless power transmission device.
FIG. 3 shows a block diagram of the wireless power
transmission device using the resonator illustrated
in FIG. 1.
FIG. 4 illustrates a configuration of reducing thick-
nesses of upper and lower ends of magnetic core
blocks.
FIG. 5 shows a layout in the case of applying the
resonator in FIG. 4 to the primary side resonator and
the secondary side resonator.
FIG. 6 shows an example in which widths of
coil-wound portions are enlarged outward on the
right and left sides of the coils as compared with other
portions.
FIG. 7 shows an example in which the widths of the
coil-wound portions are enlarged on both of the right
and left sides of the coils as compared with other
portions.
FIG. 8 shows an example in which coil-wound por-
tions are enlarged inward on the right and left sides,
while portions wound with none of the coil have their
widths getting narrower in a tapered shape on a
step-by-step basis toward the upper and lower ends.
FIG. 9 shows an example in which the coil-wound
portions are enlarged outward on the right and left
sides of the coil, while the portions wound with none
of the coil have their widths getting narrower in the
tapered shape on the step-by-step basis toward the
upper and lower ends.
FIG. 10 shows an example in which the coil-wound
portions are enlarged on both of the right and left
sides of the coil, while the portions wound with none
of the coil have their widths getting narrower in the
tapered shape on the step-by-step basis toward the
upper and lower ends.
FIG. 11 illustrates an example in which thicknesses
of coil-wound portions are changed in comparison
with other portions stepwise at two stages.
FIG. 12 illustrates an example in which the thick-
nesses of coil-wound portions are changed in com-
parison with other portions stepwise at three stages.
FIG. 13 illustrates an example of making a change
to the configuration in asymmetry with respect to the
upper and lower portions in the case of changing the
thicknesses of the coil-wound portions stepwise at
the three stages in comparison with other portions.
FIG. 14 shows an example of a configuration of set-
ting a plurality of locations wound with the coils.
FIG. 15 shows an example of varying the widths of
outward portions wound with none of the coil in a
tapered shape so as to get narrower on the step-by-
step basis toward the upper and lower ends of the
core blocks in the right-and-left magnetic core
blocks.

FIG. 16 illustrates an example of concentrating the
coil-wound portions on a portion having a specified
length at a central portion.
FIG. 17 shows an example of adding fins to the
right-and-left magnetic core blocks.
FIG. 18 shows an example of adding the fins in di-
rections different from those in FIG. 17.
FIG. 19 illustrates an example of a configuration of
concentrating the coil-wound portions on the portion
having the specified length at a central portion and
changing a shape in a thicknesswise direction.
FIG. 20 illustrates another example of the configu-
ration of concentrating the coil-wound portions on
the portion having the specified length at a central
portion and changing the shape in the thicknesswise
direction.
FIG. 21 shows an increase effect of a coupling co-
efficient based on the configuration in FIG. 19.
FIG. 22 shows the increase effect of the coupling
coefficient based on the configuration in FIG. 20.
FIG. 23 shows an example in which a section of the
coil is elliptical.
FIG. 24 shows an example of disposing the core
blocks at portions exhibiting the largest curvature of
the coil.
FIG. 25 is a first explanatory diagram of a reactance
increase effect owing to an addition of a third mag-
netic core block.
FIG. 26 is a second explanatory diagram of the re-
actance increase effect owing to the addition of the
third magnetic core block.
FIG. 27 is a third explanatory diagram of the reac-
tance increase effect owing to the addition of the
third magnetic core block.
FIG. 28 shows an example of the configuration of
adding the third magnetic core block.
FIG. 29 shows a magnetic field intensity profile when
adding the third magnetic core block.
FIG. 30 shows an example of integrating the portions
having broad sectional areas of the respective mag-
netic core blocks.
FIG. 31 shows another example of integrating the
portions having broad sectional areas of the respec-
tive magnetic core blocks.
FIG. 32 shows one example of dimensions of the
resonator.
FIG. 33 shows a graph of a relation between posi-
tional shifts of the primary and secondary side res-
onators and a coupling coefficient k.
FIG. 34 shows an example of elongating the mag-
netic core block.
FIG. 35 shows a graph of a relation between the
positional shifts of the primary and secondary side
resonators and the coupling coefficient in the case
of the configuration in FIG. 34.
FIG. 36 shows an example of taking different values
as lengths of the two magnetic core blocks.
FIG. 37 shows a graph of the relation between the
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positional shifts of the primary and secondary side
resonators and the coupling coefficient in the case
of the configuration in FIG. 36.
FIG. 38 shows an example of adding the fin to the
magnetic core block that is shorter in total length.
FIG. 39 shows another example of adding the fin to
the magnetic core block that is shorter in total length.
FIG. 40 shows a first example of setting values dif-
ferent from each other as the total lengths of at least
the two magnetic core blocks among the three mag-
netic core blocks.
FIG. 41 shows a second example of setting the val-
ues different from each other as the total lengths of
at least the two magnetic core blocks among the
three magnetic core blocks.
FIG. 42 shows a third example of setting the values
different from each other as the total lengths of at
least the two magnetic core blocks among the three
magnetic core blocks.
FIG. 43 illustrates how a distance between the two
magnetic core blocks is changed.
FIG. 44 illustrates a graph of fluctuations in induct-
ance when changing the distance between the two
magnetic core blocks.
FIG. 45 shows a magnetic flux density profile inside
the magnetic core block in the case of using a con-
ventional resonator.
FIG. 46 shows the magnetic flux density profile inside
the magnetic core block in the case of using the res-
onator illustrated in FIG. 1.
FIG. 47 shows the magnetic flux density profile inside
the magnetic core block in the case of using the res-
onator illustrated in FIG. 28.

DETAILED DESCRIPTION

[0012] According to an embodiment, there is provided
a resonator including a magnetic core and a coil.
[0013] The magnetic core includes a first magnetic
core block and a second magnetic core block. The sec-
ond magnetic core block is disposed at an interval from
the first magnetic core block.
[0014] The coil is wound on the magnetic core in a
lateral direction of the first and second magnetic core
blocks.
[0015] The first magnetic core block includes a first por-
tion and second portions on sides of the first portion along
a longitudinal direction of the first magnetic core block.
A sectional area of the first portion is larger than each
sectional area of the second portions in a direction or-
thogonal to the longitudinal direction of the first magnetic
core block.
[0016] The second magnetic core block includes a third
portion and fourth portions on sides of the third portion
along the longitudinal direction of the second magnetic
core block. A sectional area of the third portion is larger
than each sectional area of the fourth portions in a direc-
tion orthogonal to the longitudinal direction of the second

magnetic core block.
[0017] The coil is wound on the first portion of the first
magnetic core block and the third portion of the second
magnetic core block.
[0018] Hereinafter, embodiments will be described in
detail with reference to the accompanying drawings.
[0019] FIG. 1 illustrates a resonator used for a wireless
power transmission device in a first embodiment. FIG.
1(A) is a top view; FIG. 1(B) is a side view as viewed from
under along the sheet surface; and FIG. 1(C) is a side
view as viewed from right side along the sheet surface.
[0020] This resonator includes a coil 11 and a magnetic
core including magnetic core blocks 12, 13. The coil 11
is a coil that is flat on the whole and has side sections
including two portions with curvatures larger than those
of other portions. Lines of magnetic forces are concen-
trated on the portions having the larger curvatures, and
in FIG. 1 these two portions having the larger curvatures
are positioned at both of right-and-left ends.
[0021] At least two pieces of magnetic core blocks, i.e.,
the magnetic core block (the first magnetic core block)
12 and another magnetic core block (the second mag-
netic core block) 13, are disposed to penetrate inside the
coil 11. The coil 11 is wound on the magnetic core in
lateral directions of the magnetic core blocks 12, 13. The
magnetic core blocks 12, 13 are made proximal to both
of right-and-left ends inwardly of the coil 11.
[0022] The magnetic core block 12 includes a first por-
tion 12A and second portions 12B, 12B provided on both
ends of the first portion 12A along a longitudinal direction
of the magnetic core block 12. In a direction orthogonal
to the longitudinal direction, a sectional area of the first
portion 12A is larger than that of the second portion 12B.
Note that the longitudinal direction coincides with the di-
rection in which the hole of the coil penetrates.
[0023] The magnetic core block 13 includes a third por-
tion 13A and fourth portions 13B, 13B provided on both
ends of the third portion 13A along the longitudinal direc-
tion of the magnetic core block 13. In the direction or-
thogonal to the longitudinal direction, a sectional area of
the third portion 13A is larger than that of the fourth portion
13B.
[0024] The coil 11 is wound on the portions each having
the large sectional area, i.e., wound on the first portion
12A and the third portion 13A. The thickness of each of
the magnetic core blocks 12, 13 is fixed, and a width LA
of each of the first portion 12A and the third portion 13A
is set larger than a width LB of each of the second portion
12B and the fourth portion 13B. Namely, the sectional
area is expanded by enlarging the width, while fixing the
thickness. The thickness is fixed, thereby enabling the
thicknesses of the magnetic core blocks to be uniformed
and the resonator to be thinned.
[0025] The resonator being thus configured, there are
enlarged the sectional areas of the coil-wound portions
on which the magnetic fluxes are concentrated most, a
core loss is reduced, and a quantity of the magnetic sub-
stance other than the coil-wound portions is reduced to
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a great degree, thus enabling a weight to be decreased.
[0026] FIG. 44 shows a graph indicating fluctuations
in inductance when varying a distance between the two
magnetic core blocks 62, 63 with respect to the flat res-
onator illustrated in FIG. 43. A larger inductance value
can be obtained because of the magnetic substance ex-
erting a large influence when positioned at both of
right-and-left ends, which corresponds to the rightmost
side in the graph.
[0027] FIG. 2 is a side view depicting a layout example
in a case where the resonator illustrated in FIG. 1 is ap-
plied to a primary side resonator 21 and a secondary side
resonator 22 of the wireless power transmission device.
[0028] The primary side resonator and the secondary
side resonator are disposed in a face-to-face relation.
The portions with none of windings in the magnetic core
blocks having a vertical face-to-face relation become
more elongate than in one example of the prior art (the
core wound with the coil from the vicinity of the upper
end down to the vicinity of the lower end), and hence a
longer path of a magnetic flux loop can be ensured to
enable vertical coupling to be increased.
[0029] Further, as compared with this one example of
the prior art, the portions wound with the coils are con-
centrated at the central portions in the present embodi-
ment. In particular, a length extending from the upper
end of the coil-wound portion to the lower end of the coil-
wound portion is set equal to or smaller than 1/3 of a
length L_core of the magnetic core block. Generally, in
the case of being used in a state of the magnetic path
not being closed as in the core blocks of both the reso-
nators in FIG. 2 (to given a comparative example, for
instance, by way of one example of a transformer, the
core takes a looped shape and, in this case, it can be
said that the magnetic path is closed), an equivalent mag-
netic permeability exhibiting an actual effect largely de-
creases against a primary magnetic permeability re-
tained by the magnetic substance as it gets distanced
from the center with respect to the lengthwise direction
of the core due to an influence of diamagnetism. As in
the present working example, the coil is wound on the
portions much closer to the center, the equivalent mag-
netic permeability becomes even larger, and hence, in
the case of wiring the coil having the same length, such
an effect is yielded that the still higher inductance value
can be obtained. Namely, it is feasible to augment the
coupling between the resonators and to restrain the
equivalent magnetic permeability of the portions wound
with the coil from decreasing due to the diamagnetism.
[0030] FIG. 3 shows a block diagram of the wireless
power transmission device in the first embodiment, which
uses the resonator illustrated in FIG. 1. A power trans-
mission circuit 31 supplies a primary side resonator 32
with a power signal of a frequency which enables efficient
transmission. The power signal is wirelessly transmitted
owing to the coupling between the primary side resonator
32 and the secondary side resonator 32. The power sig-
nal received by the secondary side resonator 32 is trans-

mitted to a power reception circuit 34. Note that a control
unit of the power transmission circuit 31 and a control
unit of the power reception circuit 34 perform communi-
cations with each other by use of wireless signals be-
tween the power transmission circuit 31 and the power
reception circuit 34 as the necessity arises, thereby start-
ing, finishing and stopping the transmission and the re-
ception of the power and changing an electric energy of
the power transmission.
[0031] As depicted in FIG. 4, it can be also considered
that the weight is reduced by decreasing thicknesses of
upper ends 41, 43 and lower ends 42, 44 of the right-and-
left magnetic core blocks. FIG. 4(A) is a top view; FIG. 4
(B) is a side view as viewed from under along the sheet
surface; and FIG. 4(C) is a side view as viewed from right
side along the sheet surface.
[0032] FIG. 5 illustrates a layout in a case where the
resonator illustrated in FIG. 4 is applied to a primary side
resonator 51 and a secondary side resonator 52. As in
FIG. 5, the coupling of the magnetic fluxes between the
resonators occurs at the upper and lower ends of the
magnetic core blocks, and hence a density of the in-
tra-core magnetic fluxes thereat decreases as compared
with the central portion, and such a possibility is small
that magnetic saturation is caused even when reducing
the thickness. Incidentally, as shown in FIG. 5, it can be
also considered that the coupling between the resonators
is further enhanced by setting both the resonators in the
face-to-face relation in a way that decreases the thick-
nesses in asymmetry with respect to the upper and lower
portions to make the upper and lower ends of the cores
close to each other.
[0033] Note that in the case of setting the width of the
portion wound with the coil larger than those of other
portions in the configuration of the right-and-left magnetic
core blocks, configurations depicted in FIGS. 6 and 7 are
also considered available other than the configuration in
FIG. 1.
[0034] In FIG. 6, the width of each of portions 61, 62
wound with the coil is set larger outward on the right and
left sides of the coil than those of other portions.
[0035] In FIG. 7, the width of each of portions 71, 72
wound with the coil is set larger on both of the right and
left sides of the coil than those of other portions.
[0036] Further, as in FIG. 8, portions 81, 82 wound with
the coil may be enlarged inward on the right and left sides,
while portions 83, 84 wound with none of the coil may
have their widths getting narrower in a tapered shape on
a step-by-step basis toward the upper and lower ends.
[0037] Alternatively, as in FIG. 9, portions 91, 92
wound with the coil may be enlarged outward on the right
and left sides of the coil, while portions 93, 94 wound with
none of the coil may have their widths getting narrower
in the tapered shape on the step-by-step basis toward
the upper and lower ends.
[0038] Still alternatively, as in FIG. 10, portions 101,
102 wound with the coil may be enlarged on both of the
right and left sides of the coil, while portions 103, 104
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wound with none of the coil may have their widths getting
narrower in the tapered shape on the step-by-step basis
toward the upper and lower ends.
[0039] In the examples illustrated in FIGS. 8 to 10, ta-
per curves can be also considered to take other shapes
in terms of manufacturing circumstances, etc.
[0040] Note that in the configuration of the
right-and-left magnetic core blocks, the portions wound
with the coil have their thicknesses larger than those of
other portions, thereby expanding, it can be considered,
the sectional area of the portion on which the magnetic
fluxes are concentrated most. FIGS. 11 to 13 illustrate
these examples.
[0041] FIG. 11 illustrates an example in which the thick-
nesses of portions 111, 112 wound with the coil are
changed in comparison with other portions 113, 114 step-
wise at two stages.
[0042] FIG. 12 depicts an example in which the thick-
nesses of portions 121, 122 wound with the coil are
changed in comparison with other portions 123, 124 step-
wise at three stages.
[0043] FIG. 13 illustrates, in the case of changing the
thicknesses of portions 131, 132 wound with the coil in
comparison with other portions 133, 134 stepwise at the
three stages, an example of making a change to the con-
figuration in asymmetry with respect to the upper and
lower portions. As a matter of course, as shown in FIG.
4, any inconvenience may not be caused by making a
change to the tapered shape.
[0044] Moreover, in the case of causing the large elec-
tric power to flow, as in FIG. 14, it can be considered to
disperse locations (portions) in which a temperature rises
by providing a plurality of locations (portions) wound with
the coil. In this case also, as depicted in FIG. 14, in the
configuration of the right-and-left magnetic core blocks,
the widths of portions 141, 142 wound with the coil are
set larger than those of other portions 143, 144. With this
contrivance, there are enlarged the sectional areas of
the portions on which the magnetic fluxes are concen-
trated most, the core loss is reduced, and the quantity of
the magnetic substance other than the coil-wound por-
tions is reduced, thus enabling the weight to be de-
creased. Note that a portion between the coil-wound por-
tions is the portion on which the magnetic flux is concen-
trated most, and therefore its sectional area is taken
broad similarly to the coil-wound portion.
[0045] As in FIG. 15, in the right-and-left magnetic core
blocks, it can be considered that widths of outward por-
tions 151, 152 wound with none of the coil are varied in
the tapered shape so as to get narrower on the step-by-
step basis toward the upper and lower ends of the core
blocks.
[0046] Further, as in FIG. 16, also in the case of pro-
viding the locations wound with the coil, the coil-wound
portions may be concentrated at the central portion so
that the length extending from the upper end of the coil-
wound portion to the lower end of the coil-wound portion
is set equal to or smaller than 1/3 of the length L_core of

the magnetic core block. With this contrivance, similarly
to the working example in FIG. 2, the equivalent magnetic
permeability becomes much larger, and it is therefore
feasible to obtain the sill higher inductance in the case
of winding the coil having the same length.
[0047] Furthermore, as illustrated in FIG. 17, it can be
also considered that a configuration of the magnetic
cores is changed by adding fins (extended portions) 171,
172 to the right-and-left magnetic core blocks, and the
path of the magnetic flux loop is ensured further long by
further elongating the portions having no windings in the
magnetic core blocks taking the face-to-face relation,
thereby further increasing a coupling coefficient between
the resonators set in the face-to-face relation. Note that
a fin adding mode is not limited to the mode in FIG. 17,
and, as depicted in FIG. 18, fins 181, 182 may be added
in directions different from those in FIG. 17.
[0048] Moreover, FIGS. 19 and 20 show an example
of a configuration in which the shape is changed in a
thicknesswise direction while being kept so that the
length extending from the upper end of the coil-wound
portion to the lower end of the coil-wound portion is set
equal to or smaller than 1/3 of the length L_core of the
magnetic core block with respect to the right-and-left
magnetic core blocks in the working example of FIG. 1.
With this configuration, as depicted in FIGS. 21 and 22,
it can be also considered to reduce a distance between
some portions of the magnetic core blocks building up
both the resonators and to further increase the coupling
coefficient of the upper and lower resonators. The con-
figuration in FIG. 20 can be also viewed as a configuration
of adding the fins (extended portions) in the direction
(thicknesswise direction) different from the direction
(widthwise direction) in FIG. 17 or 18.
[0049] Note that even when the section of a coil 231
is not flat on the whole but elliptical as in FIG. 23, it can
be considered that core blocks 232, 232 are disposed at
these two portions because the elliptical includes at least
two portions each exhibiting the large curvature.
[0050] Alternatively, as in FIG. 24, it can be considered
that a coil 241 has portions 241A of a bending angle that
is smaller than a bending angle of each of other two por-
tions 242B having a large curvature, in which case the
core blocks are disposed at the two portions 241A each
having the small bending angle.
[0051] Moreover, such a configuration is also available
that the magnetic core block is added to a portion includ-
ing the center in the right-and-left directions of the coil.
FIG. 28 shows an example of the configuration in this
case. As in the working example of FIG. 1, in addition to
magnetic core blocks 281, 282 disposed at both ends in
the right-and-left directions of the coil, a magnetic core
block (a third magnetic core block) 283 is added to the
vicinity of the center of the coil. The magnetic core block
283 includes a fifth portion 283A and sixth portions 283B,
283B provided at both ends thereof along the longitudinal
direction of the magnetic core block 283. In the direction
orthogonal to the longitudinal direction, the sectional area
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of the fifth portion 283A is larger than that of the sixth
portion 283B. The coil is wound on the fifth portion 283A
having the larger sectional area. Note that the fins (the
extended portions) described above may also be added
to the end portions of the respective sixth portions 283B.
Given hereinafter is a description of the contrivance that
the sectional area of the coil-wound portion of the mag-
netic core block 283 is set broader than other portions
similarly to the magnetic core blocks 281, 282.
[0052] For example, according to a calculation, a coil
reactance value of a coil 251 illustrated in FIG. 25, of
which only both ends are provided with magnetic core
blocks 252, 253, is 23 mH, in which case an assumption
is that an additional rod-like magnetic core block 261
shown in FIG.26 is placed in a side-by-side relation with
the magnetic core block 253 disposed at the lateral end.
In this case, the reactance value is 26.5 mH, and, by
contrast, if the rod-like magnetic core block 261 is added
to the middle of the coil 251 as in FIG. 27, the reactance
value comes to 29.4 mH.
[0053] Accordingly, with respect to the resonator in
FIG. 27, the width of the coil-wound portion is set further
larger than those of other portions in the shapes of the
respective magnetic core blocks 281, 282, 283 as in FIG.
28 in the same way as done in the first embodiment. With
this contrivance, there are enlarged the sectional are of
the portion on which the magnetic fluxes are concentrat-
ed most and the sectional area of the portion exhibiting
the second highest concentration of the magnetic fluxes,
the core loss is reduced, and the quantity of the magnetic
substance other than these portions is reduced to the
great degree, thus enabling the weight to be decreased.
That is, the third magnetic core block is disposed at the
portion including the center that exhibits a large effect of
the increase in inductance of the coil next to the portions
vicinal to the both of the right-and-left ends, and there is
enlarged the sectional area of the portion on which the
magnetic fluxes are concentrated most in the third mag-
netic core block, the core loss is thereby decreased, and
the quantity of the magnetic substance other than these
portions is largely reduced, whereby the weight can be
reduced.
[0054] Incidentally, an addition to an idea of FIG. 28,
in a magnetic field profile about the coil in the case of
additionally installing the rod-like magnetic core block,
there increases an intensity of a magnetic field in close
proximity to the lines forming coil as indicated by the cal-
culation result in FIG. 29. By making use of this point, it
can be considered that the magnetic core blocks 301,
302 are installed in close proximity to the lines of coil as
in FIGS. 30 and 31. The configuration in FIGS. 30 and
31 can be grasped as a configuration of integrating the
portions, having the large sectional areas, of the respec-
tive magnetic core blocks. These magnetic core blocks
installed in close proximity to the lines of coil have, even
when taking a shape exhibiting a small effect of the dia-
magnetism, a large effect because of being placed in the
locations with the strong magnetic field and can increase

the reactance value. Further, the magnetic core block
taking the short shape is disposed in the proximity to the
magnetic core block taking the elongate shape, thereby
having effects in relaxing the concentration of the mag-
netic fluxes in the magnetic core block taking the elongate
shape and reducing the magnetic saturation and the core
loss as well.
[0055] FIGS. 45, 46 and 47 show the densities of the
magnetic fluxes inside the magnetic substance, which
are obtained by numerical calculation, with respect to the
resonator using the conventional magnetic core blocks
disclosed in Patent document 1, the resonator in the first
embodiment illustrated in FIG. 1 and the resonator given
by way of one example of the embodiment of the present
invention depicted in FIG. 28. As described above, as
seen in FIG. 45, in the conventional magnetic core block,
the density of the magnetic fluxes of the coil-wound por-
tion at the central portion in the long-side direction rises
over the whole width of the core. By contrast with this, in
the case of the resonator in FIG. 1, as illustrated in FIG.
46, though the density of the magnetic fluxes becomes
large at a locally recessed point of one some portion,
there decreases the density of the magnetic fluxes of the
coil-wound portion at the central portion in the long-side
direction. Further, in the case of the resonator in FIG. 28,
as illustrated in FIG. 47, though the density of the mag-
netic fluxes still becomes large at the locally recessed
point of one some portion, there further decreases the
density of the magnetic fluxes of the coil-wound portion
at the central portion in the long-side direction. Note that
the local rise in density of the magnetic fluxes as seen in
FIGS. 46 and 47 is confined to a narrow area of one some
portion but is not so large, and hence a ratio at which the
loss at this portion occupies a (total) loss of the whole
magnetic core blocks is extremely small.
[0056] FIG. 32(A) shows dimensions of the resonator
manufactured on an experimental basis by way of one
example of the embodiment of the present invention. FIG.
32(B) shows a side view representing a positional relation
between the two resonators. A direction parallel to the
windings is set as the x-axis, while a direction vertical
thereto is set as the y-axis. FIG. 33 shows a result of
measuring the coupling coefficient when shifted in x- and
y-directions.
[0057] An inter-coil efficiency depends on a product (k
X Q) of k and Q, and, in the case of using the resonator
with Q = 196, a relation such as the inter-coil efficiency
> 90% is obtained when the coupling coefficient k > 0.1.
[0058] When roughly targeted at the coupling coeffi-
cient k = 0.1, an allowable range of the positional shift is
up to 420 mm in the x-direction and up to 120 mm in the
y-direction.
[0059] In the case of the dimensions shown in FIG. 32,
the allowable range of the positional shift in the x- and y-
directions shows a 3-fold or larger difference with unbal-
ance.
[0060] A reason why the allowable range of the posi-
tional shift in the y-direction is small is that there exists
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a point at which a total sum of the magnetic fluxes pen-
etrating the secondary side coil becomes "0". As illustrat-
ed in FIG. 33, when the positional shift in the y-direction
is 200 mm, the coupling coefficient decreases due to can-
cellation of magnetic fluxes. This decrease is equivalent
to 43% of the y-directional dimension.
[0061] The coupling characteristic depends on the di-
mensions of an external shape of the resonator.
[0062] Accordingly, as indicated by 341 in FIG. 34, if
the magnetic core block is elongated in the y-direction,
as illustrated in FIG. 35, the position where the coupling
coefficient decreases can be shifted much farther.
[0063] Moreover, if the lengths L_core of the magnetic
core blocks 361, 362 at the right and left ends as in FIG.
36 are set to different values by use of the properties
described above, as illustrated in FIG. 37, the decrease
in coupling coefficient due to the cancellation of the mag-
netic fluxes occurs depending on the positional shifts cor-
responding to the respective lengths. However, it can be
considered that a decrease quantity thereof can be re-
strained. Therefore, it can be considered that the large
decrease in coupling coefficient can be restrained over
the wide range of the positional shift.
[0064] Further, as in FIG. 38, for instance, the shape
of the magnetic core block may be changed by adding a
fin 392 to a magnetic core block 381 having the short
length L_core, or alternatively, as in FIG. 39, the shape
of the magnetic core block may be changed by adding
fins 393, 394 to both of right-and-left magnetic core
blocks 391, 392. It can be thereby considered that the
portions wound with none of the windings in the magnetic
core blocks in the face-to-face relation are further elon-
gated, the path of the magnetic flux loop is ensured fur-
ther long, and the coupling coefficient between the upper
and lower resonators is further increased.
[0065] Moreover, as in FIGS. 40, 41, 42, the third mag-
netic core block is disposed at the portion including the
center in the right-and-left directions of the coil, and at
least two of the lengths of the three magnetic core blocks
combined with the magnetic core blocks provided at the
right and left ends are set to values different from each
other, whereby the same effect as that shown in FIG. 37
can be acquired.
[0066] As discussed above, according to the embodi-
ment of the present invention, it is feasible to provide the
wireless power transmission device capable of reducing
the weight of the resonator while increasing the power
transmission efficiency. Furthermore, it is possible to pro-
vide the wireless power transmission device having the
light weight and exhibiting the much higher efficiency by
reducing the core loss.
[0067] It is to be noted that the embodiment discussed
so far has described the configuration using the same
type of resonators as the primary side resonator and the
secondary side resonator, however, as a matter of
course, a configuration using different types of resona-
tors can be also considered.
[0068] While certain embodiments have been de-

scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the in-
ventions. The accompanying claims and their equiva-
lents are intended to cover such forms or modifications
as would fall within the scope and spirit of the inventions.

Claims

1. A resonator comprising:

a magnetic core including a first magnetic core
block and a second magnetic core block, the
second magnetic core block being disposed at
an interval from the first magnetic core block;
and
a coil wound on the magnetic core in a lateral
direction of the first and second magnetic core
blocks,
wherein the first magnetic core block includes a
first portion and second portions on sides of the
first portion along a longitudinal direction of the
first magnetic core block, and a sectional area
of the first portion is larger than each sectional
area of the second portions in a direction orthog-
onal to the longitudinal direction of the first mag-
netic core block,
wherein the second magnetic core block in-
cludes a third portion and fourth portions on
sides of the third portion along the longitudinal
direction of the second magnetic core block, and
a sectional area of the third portion is larger than
each sectional area of the fourth portions in a
direction orthogonal to the longitudinal direction
of the second magnetic core block, and
wherein the coil is wound on the first portion of
the first magnetic core block and the third portion
of the second magnetic core block.

2. The resonator according to claim 1, wherein a width
of the first portion is wider than a width of the second
portion in the lateral direction of the first magnetic
core block, and
a width of the third portion is wider than a width of
the fourth portion in the lateral direction of the second
magnetic core block.

3. The resonator according to claim 1, wherein curva-
tures of the coil at positions adjacent to the first mag-
netic core block and the second magnetic core block
are larger than those at other positions of the coil.

4. The resonator according to claim 1, wherein the sec-
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ond portion of the first magnetic core block has a
smaller width or thickness as it gets closer to an end
of the second portion in a side opposite to the first
portion, and
the fourth portion of the second magnetic core block
has a smaller width or thickness as it gets closer to
an end of the fourth portion in a side opposite to the
third portion.

5. The resonator according to claim 1, wherein the first
portion of the first magnetic core block and the third
portion of the second magnetic core block are formed
as one body.

6. The resonator according to claim 1, wherein the
magnetic core further includes a third magnetic core
block between the first magnetic core block and the
second magnetic core block,
the third magnetic core block includes a fifth portion
and sixth portions on sides of the fifth portion along
a longitudinal direction of the third magnetic core
block, and a sectional area of the fifth portion is larger
than each sectional area of the sixth portions in a
direction orthogonal to the longitudinal direction of
the third magnetic core block, and
the coil are wound on the first portion of the first mag-
netic core block, the third portion of the second mag-
netic core block and the fifth portion of the third mag-
netic core block.

7. The resonator according to claim 6, wherein the first
portion, the third portion and the fifth portion are
formed as one body.

8. The resonator according to claim 1, wherein the first
magnetic core block includes a first extended portion
having a larger width or thickness than the width or
thickness of the second portion, and the first extend-
ed portion is provided on an end of the second portion
in a side opposite to the first portion.

9. The resonator according to claim 1, wherein the sec-
ond magnetic core block includes a second extended
portion having a larger width or thickness than a
width or thickness of the fourth portion, and the sec-
ond extended portion is provided on an end of the
fourth portion in a side opposite to the third portion.

10. The resonator according to claim 6, wherein the third
magnetic core block includes a third extended por-
tion having a larger width or thickness than a width
or thickness of the sixth portion, and the third extend-
ed portion is provided on an end of the sixth portion
in a side opposite to the fifth portion.

11. The resonator according to claim 1, wherein each
length of portions wound with the coil of the first and
second magnetic core blocks is equal to or smaller

than 1/3 of a total length L_core of each of the first
and second magnetic core blocks.

12. The resonator according to any of claims 1, 8 or 9,
wherein
a total length of one of the first magnetic core block
and the second magnetic core block is shorter than
that of the other of the first magnetic core block and
the second magnetic core block.

13. The resonator according to either of claims 6 or 10,
wherein
a total length of one of two of the first magnetic core
block, the second magnetic core block and the third
magnetic core block is shorter than that of the other
of the two of the first magnetic core block and the
second magnetic core block and the third magnetic
core block.

14. The resonator according to either of claims 1 or 4,
further comprising a first coil wound on the magnetic
core in the lateral direction of the first and second
magnetic core blocks, wherein
the first coil is wound on the first portion of the first
magnetic core block and the third portion of the sec-
ond magnetic core block, and
the first coil is arranged at a location separate from
the first coil.

15. A resonator comprising:

a magnetic core; and
a coil wound on the magnetic core in a first di-
rection, wherein
the magnetic core includes a first portion on
which the coil is wound, second portions, and
third portions,
the second portions face each other across the
first portion along a second direction different
from the first direction, at one edges of the first
portion,
the third portions face each other across the first
portion along the second direction, at other edg-
es of the first portion,
a sectional area of the first portion in the first
direction is larger than each sectional area of
the second portions in the first direction and larg-
er than each sectional area of the third portions
in the first direction.

16. A wireless power transmission device comprising:

a primary side resonator, according to claim 1,
configured to receive an alternate current signal
from an external power transmission circuit and
to generate a magnetic field corresponding to
the alternate current signal; and
a secondary side resonator, according to claim
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1, configured to be disposed in a face-to-face
relation with the primary side resonator and to
receive the alternate current signal through
magnetic coupling with the primary side resona-
tor.
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